During October and November 1993, four patients contracted Acremonium kiliense endophthalmitis at one ambulatory surgical center. We hypothesized that the source was environmental and conducted a matched case-control study, environmental evaluation, and observational studies. Case and control patients were similar in clinical characteristics. However, case patients all had surgery on the first operative day of the week or had surgery significantly sooner after the operating room opened than did controls (a median of 46 vs. 150 minutes afterward; P = .03). An environmental review revealed the ventilation system was switched on 5-30 minutes before procedures began on the first operative day of the week, and air was filtered before but not after humidification. Cultures of the humidifier water in the ventilation system yielded A. kiliense phenotypically identical to isolates from case patients. Our data suggest that switching on the ventilation system each week aerosolized a reservoir of A. kiliense and caused infection of patients. We believe this is the first reported outbreak of fungal endophthalmitis traced to an environmental source, and it underscores the importance of utilizing established hospital infection control practices in the outpatient setting.
During October and November 1993, four patients contracted Acremonium kiliense endophthalmitis at one ambulatory surgical center. We hypothesized that the source was environmental and conducted a matched case-control study, environmental evaluation, and observational studies. Case and control patients were similar in clinical characteristics. However, case patients all had surgery on the first operative day of the week or had surgery significantly sooner after the operating room opened than did controls (a median of 46 vs. 150 minutes afterward; P = .03). An environmental review revealed the ventilation system was switched on 5-30 minutes before procedures began on the first operative day of the week, and air was filtered before but not after humidification. Cultures of the humidifier water in the ventilation system yielded A. kiliense phenotypically identical to isolates from case patients. Our data suggest that switching on the ventilation system each week aerosolized a reservoir of A. kiliense and caused infection of patients. We believe this is the first reported outbreak of fungal endophthalmitis traced to an environmental source, and it underscores the importance of utilizing established hospital infection control practices in the outpatient setting.
Infective endophthalmitis has been reported to occur in 0.08%-0.5% of patients following cataract extractions; approximately zero to 4% of these infections are of fungal etiology [1, 2] . Previous outbreaks of postoperative fungal endophthalmitis have been caused by Candida or Paecilomyces species and have been traced to intrinsically or extrinsically contaminated solutions used to rinse intraocular lenses [3] , for irrigating [4] , or as intravenous anesthetic [5] . We describe an outbreak of postoperative endophthalmitis caused by Acremonium kiliense-a fungus occasionally associated with posttraumatic keratitis but rarely associated with postoperative endophthalmitis [6] -that was traced to an environmental source.
Background
An ambulatory surgical center specializing in cataract extraction with intraocular lens implantation (CE/IOL) had been op-erating since 1985 without any reported episodes of infective endophthalmitis. In the winter and spring of 1992, infective endophthalmitis with numerous pathogens developed in several patients. An investigation was conducted and numerous interventions were implemented. It was postulated that a contaminated high-efficiency particulate air (HEPA) filter in the heating, ventilation, and air-conditioning (HVAC) system was the probable reservoir for the infections, and the filter was replaced. Subsequently, no patient contracted infective endophthalmitis over the next 16 months.
Then, during October and November 1993, four patients who had undergone CE/IOL contracted A. kiliense endophthalmitis. The Centers for Disease Control and Prevention (CDC, Atlanta) was invited to assist in the investigation.
Methods
Case definition and case ascertainment. We defined a case patient as any patient undergoing surgery at the ambulatory surgical center during the study period (1 October through 30 November 1993) who contracted infective endophthalmitis due to A. kiliense, as proved by isolation of this organism from the vitreous humor of the eye. The ambulatory surgical center's quality assurance, infection control, operating room, and microbiology laboratory records were reviewed, and the case patients' surgical and medical records were reviewed for perioperative clinical and demographic data.
Evaluation of risk factors. We performed a cohort study of all ambulatory surgical center patients undergoing CE/IOL during the study period. We compared attack rates by day, time, Environmental system and procedure review. Observational studies of perioperative, housekeeping, and sterilization procedures were conducted. Sterilization, HVAC maintenance, and infection control records were reviewed, and the ambulatory surgical center staff members were interviewed about surgical practices, sterilization methods, and changes to the HVAC system. Perioperative areas, medication storage and preparation areas, and the HVAC system were inspected.
Laboratory investigations. Samples from multidose-vial medications, balanced basic salt solution, sterile water, and humidifier water were obtained for assay by sterile aspiration into a syringe. Sterile swabs moistened with sterile saline were rubbed against the surface of the HEPA filter, air ducts, and operating room outlet vent. One hundred liters of air were sampled from the operating room and from the air ducts at the junction where humidified air and nonhumidified air join in the HVAC system (figure 1). Air was sampled with a Biotest RCS Plus air sampler (Biotest Diagnostics, Dreich, Germany) during routine operation of the HVAC system.
All liquid environmental samples and specimens from the medication vials, balanced basic salt solution, and sterile water were assayed by means of the membrane filtration technique [7] . Membrane filters (0.45-J-l cellulose nitrate; Micro Filtration Systems, Dublin, CA) were then placed on both Rose Bengal and blood agar plates. Culturette tube (Becton Dickinson Microbiology Systems, Cockeysville, MD) specimens of environmental surfaces were assayed by means of vortexing in 10 mL of sterile phosphate-buffered saline and then cultured by the membrane filtration technique. Isolates were identified with use of standard microbiological techniques [8] . Cultures of each A. kiliense isolate were subcultured and grown on both Sabouraud dextrose agar and potato dextrose agar. Cultures of each isolate grown on the two media were incubated at both 25°C and 37°C for 2 weeks in the dark and then compared macroscopically and microscopically. All vitreous fluid and environmental A. kiliense isolates were compared with regard to their phenotypic characteristics [9] .
Results
Case ascertainment and description. Four patients met the case definition (table 1) . Three of the four case patients were female, and their median age was 77 years. A median of 12 days passed from the date of operation until the first symptom appeared, and there was a median of 25.5 days from date of operation to day of diagnosis. The presenting symptom was blurry vision (n = 3) or floaters (n = 1). While no case patient received immunosuppressive agents before the onset of symptoms of endophthalmitis, all were initially treated with topical prednisone after the initial symptoms appeared.
Clinical course and outcome. All case-patients were hospitalized (median, 3.5 days), and three case patients received intravenous vancomycin (1 g every 12 hours) and ceftazidime (1 g every 8 hours) for possible bacterial endophthalmitis. All case patients underwent fine-needle vitreous fluid aspiration (i.e., pars plana vitreous needle aspiration), which provided specimens for bacterial and fungal cultures. Three case patients received a single intravitreous injection of vancomycin (1 mg) and amphotericin B (5 J-lg) at the time of the fine-needle aspiration as empirical therapy (table 1). All case patients' conditions clinically worsened~48 hours after the diagnostic fine-needle aspiration; each of these patients underwent a pars plana vitrectomy with a single instillation of vancomycin (1 mg) and amphotericin B (5 J-lg). All case patients received oral fluconazole (400 mg/d) after fungal elements were visualized in the sampled vitreous fluid, and they continued to receive fluconazole after their discharge from the hospital (after a median of 25.5 days).
Two case patients did not have the previously placed synthetic lens removed at the time of vitrectomy; in one of the two a corneal ulcer developed and was thought to be related to the fungal endophthalmitis. This patient underwent a corneal transplantation, which was complicated by an explosive expulsive choroidal hemorrhage, requiring removal of the contents of the eyeball (only the sclera remained). The other three case patients regained vision in the affected eye.
Evaluation ofriskfactors. In our cohort study, case patients were significantly more likely to have had their procedure on the first operative day of the week than on other days ( In the case-control study, case and control patients were similar in terms of age, affected eye (i.e., right or left), underlying disease, operative personnel, duration of operative procedure, type of synthetic lens, site of follow-up care, and perioperative medications (data not shown). However, case patients' surgeries started significantly sooner after the operating room had been opened than did those of controls ( Procedural review and observational studies. The surgical technique was similar to that used over the previous 4 years and included phacoemulsification of the cataract through a sutureless incision, followed by placement of a synthetic lens. However, numerous changes in infection control were begun in February 1992, including review of sterile technique, elimination of reprocessed plastic tubing, and cessation of administration of most multidose-vial medications to consecutive patients. After the cluster of A. kiliense endophthalmitis episodes in 1993, prophylactic intravitreous amphotericin B (5 f.Lg) was administered to all patients who underwent CE/IOL.
During the eight CE/IOL procedures observed, no lapses in sterile technique were detected. Preoperative medications used on multiple patients included ophthalmic solutions of iodine (2 drops), a parasympatholytic (2 drops every 15 minutes, X 3), a sympathomimetic (2 drops every 15 minutes, X 3), tetracaine (2 drops every 5 minutes, X 2), and ciprofloxacin (2 drops every 5 minutes, X 2). All intraoperative medications were for single use only except intravitreous amphotericin B (5 f.Lg), subconjunctival gentamicin (10 mg), topical diclofenal (2 drops), and tetracaine (variable dose). Reusable instruments were sterilized at 270°C for 15 minutes. Adequacy of sterilization was monitored with each autoclave use by temperature strips; records of weekly sterilization monitoring with use of biological indicators (spores of Bacillus stearothermophilus) since July 1992 indicated adequate sporicidal activity.
Environmental studies. The HVAC system was located directly above the operating room and provided ventilation to the operating, scrub, and instrument room; a separate unit was used for the remainder of the building. The operating room HVAC system received a variable mixture of outside and recirculated air and passed it through sequential dirt and HEPA filters, an air blower, and a condenser unit before diverting some air to a reservoir-type evaporative humidifier; after passing through the humidifier, the diverted air rejoined the main air flow, and this commingled air was then directed downward 2 meters to the operating room (figure 1). Staff members reported that the HVAC system was routinely turned off after surgery each Thursday night and switched back on at 7:45 A.M. the following Tuesday, when surgery was resumed. / Discussion tapering. They measured 25-45 X 1.5-2.5 /-Lm. Conidia were enteroblastic, held in mucoid clusters at the tips of phialides. They were cylindrical to ellipsoidal with rounded ends, sometimes slightly curved, and measured 3-5.5 X 1.5-2.0 /-Lm. Chlamydospores were few and intercalary and were noted especially in older cultures.
Follow-up. The HVAC system was left running 7 days per week after the 1993 cluster of infections. The humidifier was removed from the HVAC system in May 1994, at the time of our investigation. Subsequently, no further patients have contracted fungal endophthalmitis. Fungal endophthalmitis is extremely rare, accounting for an estimated~4% of all cases of endophthalmitis [2] . Most episodes of fungal endophthalmitis are sporadic and associated with ocular surgery, eye trauma, or immunosuppressive therapy; these have involved various fungi, including Trichosporon cutaneum (T. beigelii) [10] , Fusarium oxysporum [11] , Neurospora sitophila, or Candida species [12] . Two outbreaks of fungal endophthalmitis after cataract extraction have been described [3] [4] . In both of the outbreaks, an intrinsically or extrinsically contaminated solution was the source of the pathogen.
Acremonium species are ubiquitous soil fungi and have been known to cause mycetoma, hypersensitivity pneumonitis, locally invasive disease (i.e., paranasal sinus infection, arthritis, hemodialysis-access graft infection, and endocarditis), posttraumatic keratitis, and (rarely) posttraumatic endophthalmitis [6] . Although a report of three patients with postoperative acremonium endophthalmitis was published in 1965, the source and mechanism of their infections were not identified, and the infecting species was not characterized [13] . We believe our A certified HVAC company perfonned repairs to the system, but only two recorded visits were for routine maintenance, both before June 1992. After the contaminated HEPA filter was identified and removed on 15 June 1992, the filter was replaced and ducts were cleaned and sanitized with glutaraldehyde at 6-month intervals. However, records show that the drainage system for the reservoir-type humidifier was occluded at the time of the infections, and no routine cleaning of the humidifier was reported. Disassembly of the air ducts and humidifier revealed that the humidifier reservoir was contaminated with organic material and that there was abundant rust in the air duct junctions, suggesting previous pooling of water.
Laboratory investigation. All cultures of perioperative medications, REPA filter and air duct swab specimens, and sampled air were negative for A. kiliense. However, we obtained heavy growth of A. kiliense from samples of the humidifier water. Furthennore, A. kiliense isolates from the humidifier water and from all case patients were quite similar in tenns of their macroscopic and microscopic characteristics and could not be differentiated from each other. Colonies of these isolates on Sabouraud dextrose agar and potato dextrose agar, after 2 weeks of incubation at 25°C, were moist, glabrous, and white to light tan, had raised central growths, and were developing radial striations. The surface soon became velvety to finely powdery, with central areas of the colonies developing aerial coremia. Colonies measured 35-40 mm in diameter after 2 weeks at 25°C, compared with 16.5 -20 mm in diameter after 2 weeks at 37°C.
Microscopically, vegetative hyphae were hyaline, septate, and branched; they measured 1.5 -2.5 /-Lm in diameter and gave rise to lateral conidiophores (figure 2). Hyphae often fonned ropelike bundles or strands, especially the aerial mycelium. Conidiophores were solitary or branched, septate-bearing, phialidic conidiogenous cells. The phialidic conidiogenous cells were delicate and had smooth walls, without collarettes and 1996; 22 (February) article is the first report of an outbreak of postoperative fungal endophthalmitis associated with an environmental source rather than a contaminated solution; our findings have broad implications for ambulatory surgical centers, where the proper design and maintenance of the HVAC system are essential, yet few guidelines or requirements exist to this end [14] .
Five findings in our investigation support the theory that an environmental source played a causative role [15] . First, the humidifier water contained A. kiliense that was phenotypically similar to the isolates from the case patients, suggesting that the reservoir of humidifier water was the probable source of A. kiliense. Second, there was evidence of water collection within the air ducts immediately downstream from the humidifier; the air ducts may have harbored A. kiliense and may have promoted growth very near to the operating room outlet vent, which lacked final filtration devices. Agitation of the HVAC system, such as occurred when it was turned on in the morning, may have dislodged spores from the wall of the humidifier or HVAC ducts. Third, in both the case-control and cohort studies, case patients were significantly more likely to have contracted infection if they had been in the operating room soon after the HVAC system was activated. Fourth, no other factor-such as underlying illness, personnel, operative technique, or medications-was significantly more commonly associated with case patients than with controls. Finally, in May 1994, as a preventive measure, the ambulatory surgical center staff removed the humidifier from the HVAC system after our investigation; as of August 1995, no additional cases of fungal endophthalmitis had occurred at the center.
Although we isolated A. kiliense only from humidifier water, we suspect the HEPA filter was initially contaminated during prolonged usage before its removal on 15 June 1992. This contaminated filter may have contaminated the humidifier water. It follows that numerous components of HVAC systems must be considered when potential environmental sources are evaluated as causes of illness in patients.
Historically, only Aspergillus species and Zygomycetes species have been implicated as major airborne fungal pathogens in health care settings; usually they are associated with hospital construction or renovation and affect immunocompromised patients [16] . Therefore, it was unusual for patients with no underlying illness to develop A. kiliense endophthalmitis from an airborne source.
The use of ambulatory surgical centers is becoming more common as an alternative to hospitalization of patients for certain procedures. An estimated 1 million cataract extractions were done in the United States in 1993, and about 21 % of ophthalmologists operated exclusively in ambulatory surgical centers that year (an increase from only 8% in 1986) [17] . The specific requirements for construction of these centers, particularly with regard to HVAC systems, have been integrated into recommendations for the construction of hospitals [14, 18] . Although regular maintenance of HVAC systems is recommended by the Environmental Protection Agency and the American Institute of Architects and is required by many state health departments, there is no consensus regarding intermittent use of HVAC systems; such use is rare in hospitals but not in ambulatory care facilities.
Unlike hospitals, which commonly employ a hospital engineer, ambulatory surgical centers may contract out servicing of the HVAC system, but this might include repairs rather than preventive maintenance. The rationale for maintenance, mostly derived from concerns about preserving hardware, may need to focus more on infection control concerns. In addition, in outpatient settings there is less knowledge and practice ofestablished infection control procedures than in hospitals, and the responsibility for infection control may not be well established. Therefore, as health care delivery moves into nonhospital settings, there may be a need for more explicit guidelines for construction and maintenance of HVAC systems in the outpatient setting, as well as a need for surveillance for infectious and noninfectious complications of surgical procedures.
